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(57) ABSTRACT 

A morphology discrimination scheme extracts shape charac 
teristics from cardiac signals and identi?es an associated 
cardiac condition based on the shape characteristics. For 
example, internal data structures may be updated to match the 
shape characteristics of a known condition (e.g., a patient’s 
normal sinus rhythm). Similarly acquired shape characteris 
tics obtained in conjunction With a later event (e.g., QRS 
complexes acquired during a tachycardia episode) may be 
compared With the previously stored shape characteristics to 
characterize the later event. In some aspects the shape char 
acteristics relate to in?ection points of cardiac signals. 
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MORPHOLOGY DISCRIMINATION BASED 
ON INFLECTION POINT-RELATED 

INFORMATION 

PRIORITY CLAIM 

[0001] This application is a Divisional application of and 
claims priority and other bene?ts from US. patent applica 
tion Ser. No. 11/876,518 (Attorney Docket No. A07P3040), 
?led Oct. 22, 2007, entitled “MORPHOLOGY DISCRIMI 
NATION BASED ON INFLECTION POINT-RELATED 
INFORMATION”, incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

[0002] This application relates generally to morphology 
discrimination and more speci?cally, but not exclusively, to 
discrimination of cardiac signals based on in?ection point 
related information. 

BACKGROUND 

[0003] Morphology discrimination may be used in con 
junction With cardiac therapy to distinguish one type of car 
diac signal from another. For example, a heartbeat Waveform 
may have a particular shape When the heart is beating in a 
normal manner and different shape When the heart is beating 
in an irregular manner (e. g., during arrhythmia). Accordingly, 
a cardiac device may acquire electrocardiogram signals rep 
resentative of cardiac Waveforms over time and use morphol 
ogy discrimination to determine Whether the shapes of the 
acquired signals indicate a regular or irregular heartbeat. 
[0004] In general, a conventional morphology discrimina 
tion scheme may involve generating a template correspond 
ing to hoW a given set of data is expected to appear and 
comparing a candidate set of data With the template to char 
acteriZe the candidate set of data. For example, a template 
may consist of a mean and an associated standard deviation 
derived from several sets of data that are knoWn or expected to 
be representative of some condition. Then, When it is desired 
to determine Whether a candidate set of data also is associated 
With that condition, the candidate set of data is compared With 
the template. For example, the candidate set of data may be 
cross correlated With the template to determine Whether this 
set of data falls Within a range of values de?ned by the 
template. 
[0005] Some conventional cardiac morphology discrimina 
tion schemes discriminate betWeen different cardiac signals 
by comparing the peaks of the cardiac signals. Here, a cardiac 
device may generate a morphology template by collecting 
information regarding the magnitude (e. g., relative to a base 
line) of the peaks of a set of QRS complexes that are knoWn or 
expected to corresponding to a given cardiac condition. At 
some later point in time, the device may compare the peaks of 
current QRS complexes With the morphology template to 
categoriZe the patient’s current condition. 
[0006] As a speci?c example, cardiac signals associated 
With ventricular tachycardia may be distinguished by their 
shape from cardiac signals associated With other arrhythmias 
that resemble normal sinus rhythm (e.g., super-ventricular 
tachycardia). In such a case, the morphology template may be 
de?ned to represent cardiac signals as they appear during 
normal sinus rhythm. The morphology discrimination pro 
cess may then determine Whether a given set of cardiac sig 
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nals are associated With ventricular tachycardia or these other 
arrhythmias by comparing the cardiac signals to the template. 
[0007] In general, morphology discrimination schemes 
such as these may rely on an assumption that the template 
information is relatively constant. Hence, the accuracy of 
such schemes may depend on the degree to Which the signals 
used to generate the template ?uctuate and on the sensitivity 
of any cardiac device component that that is used to generate 
the electrocardiogram. For example, if a cardiac signal has 
peak values (either local maxima or local minima) that are 
close to the baseline (e. g., Zero), small changes in the baseline 
value may affect the number of peaks detected. As a result, a 
measure of similarity that depends on this comparison may 
?nd to be quite different signals Whose shapes should be 
considered very similar, if not identical. Accordingly, a need 
exists for more effective techniques for discriminating 
betWeen cardiac signals. 

SUMMARY 

[0008] A summary of several sample aspects of the disclo 
sure and embodiments of an apparatus constructed or a 
method practiced according to the teaching herein folloWs. It 
should be appreciated that this summary is provided for the 
convenience of the reader and does not Wholly de?ne the 
breadth of the disclosure. For convenience, one or more 
aspects or embodiments of the disclosure may be referred to 
herein simply as “some aspects” or “some embodiments.” 
[0009] The disclosure relates in some aspects to a morphol 
ogy discrimination scheme that extracts shape information 
from electrocardiogram signals and identi?es an associated 
cardiac condition based on this shape information. Here, 
baseline shape information is acquired by sampling cardiac 
signals associated With a knoWn or expected cardiac condi 
tion. This baseline information may then be compared With 
information derived from other cardiac signals to characterize 
the other cardiac signals. For example, the baseline informa 
tion may be derived from cardiac signals during normal sinus 
rhythm and the other cardiac signals collected during an 
arrhythmia. In this case, the morphology discrimination 
scheme may be used to distinguish betWeen ventricular 
tachycardia and other conditions (e.g., super-ventricular 
tachycardia) that have Waveforms that are similar in shape to 
sinus rhythm Waveforms. 
[0010] The disclosure relates in some aspects to morphol 
ogy discrimination that is based on in?ection points in a 
cardiac signal. For example, QRS complexes associated With 
a knoWn cardiac condition (e.g., normal sinus) may be pro 
cessed to obtain information relating to the in?ection points 
of each complex. In some embodiments this information 
comprises a derivative of the in?ectionpoint information. The 
in?ection point-related information may then be used to gen 
erate a baseline template for the morphology discrimination 
process. In a similar manner in?ection point information may 
be generated from candidate QRS complexes that are to be 
compared With the baseline template. The cardiac condition 
associated With these candidate QRS complexes may then be 
characterized based on the results of the comparison. 
[0011] In some embodiments the morphology discrimina 
tion process involves generating a matrix from a series of 
vectors, each of Which is derived from the in?ection points of 
a given heartbeat signal (e.g., at least a portion of a QRS 
signal) associated With normal sinus rhythm. Here, the 
derivative of the electrocardiogram signal is generated to 
provide a set (e.g., a vector) of optima associated With the 
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signal, Where each of the optima relates to a corresponding 
in?ection point. The optima of the set are then ranked accord 
ing to magnitude to provide a rank vector. Finally, the deriva 
tive of the rank vector is generated to provide another vector 
having elements indicative of the magnitude of the change in 
the ranking of each of the in?ection points. 
[0012] The resulting vectors are then used to generate a 
matrix that includes information associated With a shape dis 
tribution of the patient’s normal sinus rhythm. In some 
aspects the matrix may comprise a statistical summary of the 
vectors. For example, the matrix may comprise a series of 
tallies that indicate the number of times a particular magni 
tude (e. g., associated With a given roW in the matrix) occurred 
at a given position (e.g., associated With a given column of the 
matrix) in the vectors that Were used to generate the matrix. 
Thus, the entries in the matrix may indicate the frequency and 
relative position at Which certain in?ection point-related 
characteristics tend to occur during normal sinus rhythm. 
[0013] Here, as each neW vector is added to the matrix an 
appropriate alignment is selected for the vector to ensure that 
the elements of the vector correlate to the greatest degree With 
the current elements of the matrix. Here, the siZe of the matrix 
may be expanded as necessary to accommodate the various 
alignments of the vectors that make up the matrix. HoWever, 
certain constraints may be placed on the alignment selection 
process to prevent the matrix from becoming too large. In 
addition, the matrix may be recalibrated over time to ensure 
that the matrix accurately represents the patient’s normal 
sinus rhythm. 
[0014] A discrimination operation may then use the matrix 
to score QRS complexes associated With a given event (e.g., a 
potential tachyarrhythmia). For example, in a similar manner 
as described above, the discrimination operation generates 
one or more vectors comprising in?ection point-related infor 
mation that is derived from associated electrocardiogram sig 
nals. Each resulting vector is then compared With the matrix 
by ?rst determining the best alignment for comparing the 
vector With the matrix, then calculating a score that is indica 
tive of the frequency at Which the elements of the vector occur 
at similar relative positions in the matrix. Such a score may 
thereby indicate, for example, a probability relating to a 
degree to Which the shape of a candidate QRS complex is 
indistinguishable from sinus. 
[0015] If this score indicates a su?icient correlation 
betWeen one or more candidate vectors and the matrix, a 
determination may be made that cardiac signals associated 
With the candidate vector or vectors is suf?ciently similar to 
the sinus cardiac signals that Were used to generate the matrix. 
A corresponding indication is then generated and appropriate 
therapy is prescribed for the patient based on the results of this 
determination. 

[0016] As mentioned above, in some embodiments the 
teachings herein may be employed to distinguish ventricular 
tachycardia from super-ventricular tachycardia. In this case, 
the patient’s heart may be monitored over time to identify any 
times at Which the heart experiences an arrhythmia. In the 
event the arrhythmia is identi?ed as a tachycardia event, the 
morphology discrimination process taught herein may be 
invoked. Thus, vectors generated from the current or recent 
cardiac signals may be compared With a matrix generated 
from cardiac signals associated With sinus rhythm. If the 
vectors are similar to the matrix a determination is made that 
the underlying cardiac signals are sinus in nature (e. g., super 
ventricular tachycardia). Hence, an appropriate therapy (e.g., 
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pacing therapy) may be administered for this condition. In 
contrast, if the vectors are not su?iciently similar to the matrix 
a determination is made that the underlying cardiac signals 
are associated With ventricular tachycardia. In this case, dif 
ferent therapy (e.g., a shock) may be administered to the 
patient. 
[0017] A discrimination scheme as described above may 
advantageously provide a stable enough signature to distin 
guish betWeen a series of sinus beats and a series arising from 
ventricular tachycardia. This may be accomplished, in part, 
through the use of a shape characteristic vector that is affected 
neither by changes in the baseline voltage, nor by the time 
dilation of the signal. Moreover, such a scheme may reliably 
discriminate betWeen shapes even When the shapes include 
relatively small divots. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] These and other features, aspects, and advantages 
Will be more fully understood When considered With respect 
to the folloWing detailed description, appended claims and 
accompanying draWings, Wherein: 
[0019] FIG. 1 is a simpli?ed ?oWchart of an embodiment of 
operations that may be performed to identify a cardiac con 
dition through analysis of in?ection points of cardiac signals; 
[0020] FIG. 2 is a simpli?ed diagram of a cardiac Wave 
form; 
[0021] FIG. 3 is a simpli?ed diagram of a derivative of the 
cardiac Waveform of FIG. 2; 
[0022] FIG. 4, including FIGS. 4A and 4B, depicts simpli 
?ed examples of divots in cardiac Waveforms; 
[0023] FIG. 5 is a simpli?ed ?oWchart of an embodiment of 
operations that may be performed to identify ventricular 
tachycardia or super-ventricular tachycardia; 
[0024] FIG. 6 is a simpli?ed block diagram of an embodi 
ment of components that may be used to identify and treat 
tachycardia; 
[0025] FIG. 7 is a simpli?ed ?oWchart of an embodiment of 
operations that may be performed to provide a shape vector; 
[0026] FIG. 8 is a simpli?ed ?oWchart of an embodiment of 
operations that may be performed to provide a score matrix; 
[0027] FIG. 9, including FIGS. 9A, 9B, and 9C, depicts 
simpli?ed examples of upper and loWer bounds vectors and 
matrices; 
[0028] FIG. 10 is a simpli?ed diagram illustrating align 
ment of representations of a score matrix and a shape vector; 

[0029] FIG. 11, including FIGS. 11A and 11B, depicts in a 
simpli?ed manner different alignments of representations of 
a score matrix and a shape vector; 

[0030] FIG. 12 is a simpli?ed diagram illustrating align 
ments of representations of a shape vector With a representa 
tion of a larger score matrix; 
[0031] FIG. 13 is a simpli?ed diagram illustrating align 
ments of representations of a shape vector With a representa 
tion of a smaller score matrix; 
[0032] FIG. 14 is a simpli?ed ?oWchart of an embodiment 
of morphology discrimination operations that utiliZe a score 
matrix; 
[0033] FIG. 15 is a simpli?ed diagram illustrating a repre 
sentation of a core of a score matrix; 

[0034] FIG. 16 is a simpli?ed diagram illustrating align 
ments of representations of a shape vector With a representa 
tion of a larger core of a score matrix; 
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[0035] FIG. 17 is a simpli?ed diagram illustrating align 
ments of representations of a shape vector With a representa 
tion of a smaller core of a score matrix; 

[0036] FIG. 18 is a simpli?ed diagram illustrating scoring 
of a shape vector; 
[0037] FIG. 19 is a simpli?ed diagram of an embodiment of 
an implantable stimulation device in electrical communica 
tion With one or more leads implanted in a patient’s heart for 
sensing conditions in the patient, delivering therapy to the 
patient, or providing some combination thereof; and 
[0038] FIG. 20 is a simpli?ed functional block diagram of 
an embodiment of an implantable cardiac device, illustrating 
basic elements that may be con?gured to sense conditions in 
the patient, deliver therapy to the patient, or provide some 
combination thereof. 
[0039] In accordance With common practice the various 
features illustrated in the draWings may not be draWn to scale. 
Accordingly, the dimensions of the various features may be 
arbitrarily expanded or reduced for clarity. In addition, some 
of the draWings may be simpli?ed for clarity. Thus, the draW 
ings may not depict all of the components of a given apparatus 
or method. Finally, like reference numerals may be used to 
denote like features throughout the speci?cation and ?gures. 

DETAILED DESCRIPTION 

[0040] The description that folloWs sets forth one or more 
illustrative embodiments. It Will be apparent that the teaching 
herein may be embodied in a Wide variety of forms, some of 
Which may appear to be quite different from those of the 
disclosed embodiments. Consequently, the speci?c structural 
and functional details disclosed herein are merely represen 
tative and do not limit the scope of the disclosure. For 
example, based on the teachings herein one skilled in the art 
should appreciate that the various structural and functional 
details disclosed herein may be incorporated in an embodi 
ment independently of any other structural or functional 
details. Thus, an apparatus may be implemented or a method 
practiced using any number of the structural or functional 
details set forth in any disclosed embodiment(s). Also, an 
apparatus may be implemented or a method practiced using 
other structural or functional details in addition to or other 
than the structural or functional details set forth in any dis 

closed embodiment(s). 
[0041] The ?owchart of FIG. 1 provides an overvieW of 
several operations that may be performed to discriminate 
cardiac signal through the use of in?ection point-based analy 
sis. Brie?y, these operations involve generating in?ection 
point-related baseline information representative of cardiac 
activity during a given state (e.g., sinus), collecting additional 
in?ection point-related information representative of cardiac 
activity at later point in time, and determining the extent to 
Which the additional information matches the baseline infor 
mation. In this Way, the current condition of the patient may 
be determined so that appropriate therapy is provided for the 
patient. 
[0042] The discussion that folloWs relates to a speci?c 
example Where an implantable device analyZes cardiac Wave 
forms to determine Whether a patient is experiencing ven 
tricular tachycardia or super-ventricular tachycardia. It 
should be appreciated, hoWever, that the concepts that folloW 
may be equally applicable to other shape discrimination pro 
cedures and may be perform, at least in part, by non-implant 
able devices. 
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[0043] Here, super-ventricular tachycardia relates to tachy 
cardia that originates above the ventricles. For example, 
super-ventricular tachycardia may originate in an atrium or 
the atrio-ventricular (“AV”) node. 
[0044] In general, it is desirable to determine Whether a 
tachycardia event is ventricular tachycardia or super-ven 
tricular tachycardia so that appropriate therapy may be pre 
scribed for the patient. For example, a common treatment for 
ventricular tachycardia involves delivering a high voltage 
shock to the heart. In contrast, a high voltage shock may not 
be a desirable or effective treatment for super-ventricular 
tachycardia. Rather, treatment of super-ventricular tachycar 
dia may involve pacing the heart or some other less intrusive 
procedure. Consequently, the application of a high voltage 
shock in this case may result in unnecessary discomfort for 
the patient. Moreover, such a shock may consume a relatively 
signi?cant amount of poWer, thereby unnecessarily reducing 
the operating life of the battery of the implantable device. 
[0045] In some aspects the tachycardia discrimination tech 
niques described herein are based on a determination that 
cardiac Waveforms associated With super-ventricular tachy 
cardia may in some respects more closely resemble Wave 
forms associated With normal sinus than cardiac Waveforms 
associated With ventricular tachycardia. Accordingly, as 
described beloW a tachycardia event may be identi?ed as 
either ventricular tachycardia or super-ventricular tachycar 
dia by comparing certain aspects of a one or more cardiac 
Waveforms acquired during the event With certain aspects of 
one or more knoWn sinus Waveforms. 

[0046] Blocks 102 and 104 of FIG. 1 relate to acquiring 
baseline information for the discrimination process. Block 
102 represents operations Where an implantable device 
acquires cardiac signals during normal sinus. For example, 
the device may generate intracardiac electrogram (“IEGM”) 
signals based on cardiac activity sensed during normal sinus 
conditions.At block 104 the implantable device processes the 
cardiac signals to generate the baseline information. The 
device then stores the baseline information in a memory 
device for use during subsequent discrimination operations. 
[0047] In some aspects the baseline information relates to 
in?ection points of the acquired cardiac signals. For example, 
FIG. 2 depicts a simpli?ed representation of a cardiac Wave 
form 202 Where amplitude is plotted versus time. The Wave 
form 202 may represent, for example, a portion of a QRS 
complex acquired by the implantable device during normal 
sinus rhythm. For illustration purposes, the Waveform 202 is 
represented as a continual Waveform Where lines connect 
each of the sample points, rather than as a plot of sample 
points. 
[0048] In?ection points in the Waveform 202 are repre 
sented by the arroWs 204A-204E (collectively, “arroWs 204”). 
For example, at a point in time corresponding to the doWn 
Ward-pointing arroW 204A the absolute magnitude of the 
slope of the Waveform 202 starts to decrease. Conversely, at a 
point in time corresponding to the upWard-pointing arroW 
204B the absolute magnitude of the slope of the Waveform 
202 starts to increase. In other Words, the in?ection points 
correspond to the points Where the concavity of the Waveform 
202 sWitches from concave doWn to concave up (a doWnWard 
pointing arroW), and vice versa (an upWard-pointing arroW). 
[0049] As discussed beloW, information relating to such 
in?ection points may be used to determine Whether a given 
Waveform is similar or to dissimilar to another Waveform 
(e.g., a set of data representative of the Waveform). For 
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example, a signal may be su?iciently characterized based on 
information relating to the magnitude and direction of the 
in?ection points. 
[0050] An in?ection point-based discrimination technique 
may advantageously provide a more accurate Way of dis 
criminating betWeen Waveforms. For example, some conven 
tional morphology discrimination schemes distinguish sig 
nals by integrating the Waveforms and comparing the 
corresponding integration data (e.g., area under the curve) for 
each Waveform. Consequently, schemes such as these may 
not take into consideration information relating to the mag 
nitude and timing of all peaks and valleys of the Waveform or 
other information that may more accurately represent the 
particular shape of the Waveform. 
[0051] In some aspects in?ection point-related information 
is obtained by calculating the derivative of the Waveform. 
FIG. 3 depicts a Waveform 302 that corresponds to a deriva 
tive of the Waveform 202 of FIG. 2. Here, local optima (mini 
mums and maximums) of the Waveform 302 correspond to 
the in?ection points 204 of FIG. 2. These optima are desig 
nated in FIG. 3 by a series of arroWs 304A-304F (collective, 
arroWs 304) that correspond to arroWs 204A-204F, respec 
tively. For example, the arroW 304A corresponds to the in?ec 
tion point of arroW 204A. In FIG. 3, a doWnWard-pointing 
arroW corresponds to a local minimum and an upWard-point 
ing arroW corresponds to a local maximum. In addition, the 
relative magnitudes of the optima relate to the magnitude of 
the gradient at each in?ection point 204. 
[0052] In practice, a discrete analog of differential calculus 
may be employed to obtain the information represented by 
FIG. 3. For example, an implantable device typically stores 
the signal information corresponding to FIG. 2 in digital 
form. Hence, in this case, a digital analog of a derivative may 
be employed to obtain a derivative of this data. For example, 
a discrete derivative of a signal S:{xO, x1, . . . , xn} is de?ned 

as {xi-x0, x2—xl, . . . , xn— n_l]>Wl11Ch may be seen as a ?nite 

impulse response digital ?lter. For a ?xed sample rate this 
formula may give the best approximation to the instantaneous 
rate of change in the original analog signal. 
[0053] To ?nd the local optima of a signal, the places Where 
the discrete derivative has changed sign are identi?ed. Here, 
a change from positive to negative indicates the presence of a 
local maximum While a change from negative to positive 
indicates at local minimum. 

[0054] As shoWn in FIG. 3, a digital derivative may thus be 
calculated for each sampling point of the Waveform 202 (in 
cluding the in?ection points 204) Whereby the derivative cor 
responds to the difference betWeen the magnitudes of a given 
sampling point and a previous sampling point. Here, it should 
be appreciated that in the discrete analog of the limiting 
procedure that de?nes the derivative, the delta t term in the 
denominator becomes the sampling interval, Which is a con 
stant over all calculations and can be factored out of all of 
them. Thus, the derivative at an in?ection point is simply the 
difference betWeen the magnitude of the in?ection point and 
the magnitude of the previous sample in FIG. 2. For illustra 
tion purposes, the derivative of FIG. 3 is represented as a 
continual Waveform Where lines connect each of the deriva 
tive points, rather than as a plot of derivative points. 
[0055] Advantageously, the derivative of a cardiac signal 
may provide certain information that may be used to more 
accurately discriminate betWeen different Waveforms. For 
example, as compared to the original Waveform the number of 
local optima is typically larger in the derivative of the Wave 
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form. In addition, the number of local optima may have a 
small variance over all observed Waveforms (e.g., QRS com 
plexes) of the derivative. Also, the relative positions of the 
local optima of the derivative may not change from complex 
to complex even When the amplitude of the Waveform varies 
considerably. 
[0056] For example, the duration and/or magnitude of a 
QRS complex of a patient may change as a result of an 
increase or decrease in the activity level of the patient or for 
some other reason. HoWever, assuming that there has not been 
a signi?cant cardiac event such as an arrhythmia, the basic 
shape of the QRS complex may remain the same under these 
or other circumstances. As a speci?c example, even though 
the duration of a Waveform may change over time, the relative 
times and characteristics (e.g., magnitude of the gradient) of 
the in?ection points of the Waveform may remain relatively 
constant (e.g., in terms of a relative percentage of the total 
time period). Similarly, changes in the magnitude of a Wave 
form may not affect a relative times and characteristics of the 
in?ection points. Again, it is assumed here that the patient’s 
basic cardiac condition has not changed. The above attributes 
of in?ection points are further illustrated by the example of 
FIG. 4 Which shoWs hoW relatively minor changes in the 
shape of a Waveform (e.g., minor oscillations in voltage) may 
be properly accounted for through the used of in?ection 
point-based information. 
[0057] FIG. 4A depicts a Waveform 402 representing por 
tion of a QRS complex that has a divot-like characteristic 406 
(hereafter referred to as a “divot”) that may be the result of, for 
example, non-synchronous contractions of the right and left 
ventricles. In general, the duration of this inter-ventricular 
delay may vary over time. For example, the delay may be 
characteriZed by a random distribution over time. Hence, at 
some point in time the patient’s QRS complex may have the 
shape of the Waveform 404 of FIG. 4B Where the divot is 
diminished someWhat due to, for example, a shorted delay 
betWeen the contractions of the right and left ventricles. 
[0058] Advantageously, in?ection point-based discrimina 
tion as taught herein may classify the Waveforms 402 and 404 
as being su?iciently similar. For example, the Waveform 402 
has a ?rst in?ection point (as indicated by the arroW 408) 
folloWed by a second in?ection point (as indicated by the 
arroW 410). Here, the ?rst in?ection point 408 corresponds to 
a change from concave doWn to concave up and the second 
in?ection point 410 corresponds to a change from concave up 
to concave doWn. In a similar manner, the Waveform 404 has 
a ?rst in?ection point (as indicated by the arroW 412) fol 
loWed by a second in?ection point (as indicated by the arroW 
414). Again, the ?rst in?ection point 412 corresponds to a 
change from concave doWn to concave up and the second 
in?ection point 414 corresponds to a change from concave up 
to concave doWn. 

[0059] In contrast, a morphology discrimination scheme 
that distinguishes signals by comparing the local peaks of the 
signals may determine that the Waveforms 402 and 404 are 
not su?iciently similar. For example, this type of scheme may 
determine that the signals are different because the Waveform 
402 has tWo local peaks 416 and 418 While the Waveform 404 
only has one local peak 420. 
[0060] As Will be discussed in more detail beloW, the 
derivative of the cardiac signal is used to provide baseline 
information for the discrimination process. In some imple 
mentations the baseline information is maintained in the form 
of a matrix. For example, the matrix may be formed by 


























